There are two closely related developmental abnormalities which are rare predisposing causes of the common digestion oesophagitis. These are (a) congenital shortness of the squamous oesophagus, and (b) congenital enlargement of the oesophageal hiatus of the diaphragm. This paper presents an account of the pathology of 25 cases.
It is now generally agreed that many cases of short oesophagus with hiatal hernia were previously described as congenital on insufficient evidence; by far the commonest cause is acquired chronic cicatrizing reflux or digestion oesophagitis. There is, however, a risk that the pendulum may swing too far the other way and the existence of the congenital lesion be generally denied or forgotten. Findlay and Brown Kelly (1931) collected seven post-mortem congenital cases from the literature, the earliest by Richard Bright in 1836. In two of the cases (Bund's and Huffman's) other congenital anomalies were present. Hume (1932) described a case and stressed the accompanying enlargement of the hiatus.
In 1950 Barrett published three cases which are included in the present series; he suggested that certain chronic oesophageal ulcers reported previously by Tileston (1906) , Stewart and Hartfall (1929), and Lyall (1937) were " gastric " ulcers in congenital partial thoracic stomachs. He also raised the at first sight startling question, " What is an oesophagus ? " Barrett claimed that any part of the alimentary tract above the diaphragm lined with gastric mucosa continuous with the stomach proper must be regarded as partial thoracic stomach whatever the gross morphology. If not covered by peritoneum, it was an extension of the bare area normally seen above the peritoneal reflections at the cardiac end. Allison (1951) contested this view; if in gullet form, the anomaly was best described as oesophagus with atypical (gastric) lining, as gross morphology could not be ignored. There is the point here, however, that the normal gastric cardia, although very short, is essentially a tube.
Both these interpretations were developed in later papers (Allison and Johnstone, 1953; Barrett, 1954 ). In addition, Allison and Johnstone recorded islands of squamous epithelium in the gastric-lined segment (see also Morson and Belcher, 1952) , and oesophageal glands in the submucosa. I made similar observations independently (Peters, 1952) . In the differential diagnosis, Allison and Johnstone suggested that healing of oesophagitis in a continuing acid medium might be by gastric type epithelium rather than by squamous epithelium. There is clear histological evidence, however, that squamous regeneration from residual islets occurs readily even in the distal oesophagus (Peters, 1955) . Barrett (1957) has recently modified his view. He regards the lower atypical segment as representing an embryonic maturation failure and suggests the lesion be called " the lower oesophagus lined by columnar epithelium."
The congenital short oesophagus is necessarily associated with a large hiatus unless the gastriclined part is wholly tubular, but the congenitally large hiatus can occur alone and appears to have been first reported by Harrington in 1940, who also described the embryological basis (vide infra).
EMBRYOLOGY
The first indication of the developing stomach is very early in intra-uterine life. In the fourth week (2-3 mm: embryo) a fusiform dilatation of the entodermal foregut develops in the cervical region, and this, the primitive stomach, is separated from the future pharynx by a constriction in the tube, the oesophageal anlage. At this stage the foregut, slung on a dorsal mesentery, is separated from the pericardium by the nearly vertical septum transversum, into the caudal part of which the liver bud from the lower end of the foregut pushes cranially. During the sixth week (5-10 mm. stage) the growth and development of the oesophagus are rapid. As the bulk of the heart, lungs, and liver increases and the neck differentiates, the entodermal oesophageal tube elongates and concentric condensation of mssoderm around it foreshadows the development of submucosa and muscularis, the outer longitudinal muscle layer being indicated after the inner circular and the muscularis mucosae later still (Hamilton, Boyd, and Mossman, 1952) . The superficial cardiac glands of the oesophagus begin to develop at four months or earlier, but the deep glands not until much later (Arey, 1934 The pleuroperitoneal ridges descend with the septum transversum, and both for a short time outstrip, so to speak, the elongation of the oesophagus, so that the stomach is temporarily cranial to the developing diaphragm. During the seventh week (11-18 mm.) the continued elongation of the oesophagus is such that the stomach rapidly overtakes and passes the septum transversum and comes to lie in the future abdominal cavity, and during the eighth week the membranous diaphragm is completed round the lower end of the oesophagus. Muscularization of the diaphragm closely follows the growth in membrane. Differentiation in the developing oesophagus is seen in Figs. 1-3 , to obtain which two well-preserved embryos of the approximate stated ages were embedded in wax, in the left lateral position, and cut through in serial sections 5 y thick. Fig. 4 shows a hernial sac formed by a greatly stretched membranous dome in a case where muscularization of the diaphragm had failed to take place.
If the elongation of the oesophagus is prematurely arrested, part or the whole of the stomach remains in the thorax and the diaphragm forms round it. If, as Harrington (1940) It is thus seen that the most important stages in the highly complex evolution of the oesophagus, stomach, and diaphragm occur from the fourth to the eighth weeks of development, and the malformations to be discussed in this paper presumably originate thus early in embryonic life. PRESENT degree. In the more differentiated types distinction from the far more common acquired fixed hiatal hernia with cicatrizing oesophagitis (see Table III ) may be difficult, but in the latter condition the intrathoracic gastric cone is usually much smaller. The visceral attachment of the elastic hiatal ligament may be well below the level of the squamo-glandular junction, and is then good evidence of a congenital anomaly. Similarly the reflections of the peritoneum do not usually follow the thoracic course of the abnormal stomach.
Internally the combined viscus shows mucous membrane of two types. Proximally, for a length varying in the adult from 6 to 18 cm., is the greywhite squamous epithelium, usually with general or focal leukoplakia and irregular superficial ulceration towards the lower limit. The amount of fibrosis is very variable. Below the squamous length is the atypical gastric-lined part, the junctional zone sometimes jumbled and not clear cut (Fig. 8) . The quite distinct brownish velvety mucosa is continuous with that of the main part of the stomach. As would be expected, there is some correlation between gross morphology and type of mucosa. Tubular forms and the proximal tubular parts of more differentiated forms have a smooth lining, microscopically cardiac in type; in the junctional zone proper, however, an artefact to be borne in mind is post-mortem desquamation with exposure of normal oesophageal cardiac glands (Peters, 1955) . In the expanded more differentiated (conical) parts the mucosa is rugose and microscopically may contain oxyntic cells (sometimes abundantly) and occasionally the gastric feature of two crosswise layers in the muscularis mucosae (Fig. 15) g -. * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . scopically (Fig. 14) or occasionally be in larger plaques (Figs. 8 and 14) , and they not infrequently occur in the margins of ulcers (Fig. 13) . This raises the possibility that such ulcers may in some cases actually form through these squamous foci; in any fully established ulcer it is of course impossible to have certain knowledge of the type of epithelium which has disappeared; this can only be inferred. As the epithelium proper to the gullet is squamous, neither " metaplasia" nor "ectopic islet" appear appropriate terms for such foci, which are best regarded as areas of normally differentiated epithelium surrounded by aberrant mucosa.
The main muscular coats of the anomalous viscus consist of normal and well-defined inner circular and outer longitudinal layers and do not contribute to the differential diagnosis. In two cases of this series, both of simple tubular form, there appeared to be general hypoplasia of the whole wall. In the adventitia, the insertion of the elastic hiatal ligament far below the squamoglandular junction may be confirmed microscopically. Points in the pathological differentiation of the congenital and acquired short oesophagus are listed for convenience in Table III. As to the congenital large hiatus without shortness of the squamous oesophagus, this may be difficult to distinguish from the common atrophic or toxic lax hiatus; therefore the four present examples are advanced as probables rather than certainties. The criteria used were the size and shape of the opening, supported indirectly in two cases by the occurrence of major malformations elsewhere.
The average diameter of the hiatus (recorded in three of four cases) was 4 cm., compared with the average of 4.5 cm. in the six adult congenital short oesophagus cases in which it was recorded. In one specimen (5 cm. diameter) the hiatal organization was dissected fully and the opening was found to lie as usual in the right crus. The large hiatus appeared circular and not elliptical and was spanned by a hypertrophied elastic ligament (Figs. 20 and 21 ). This circular shape was thought to be important as well as the size, because in the common acquired hiatal deficiencies the normal elliptical shape seems to be surprisingly long retained. In all four cases chronic digestion oesophagitis was present. (1) Nearly all the specimens showed chronic ulcerative oesophagitis in the squamous part. In the short oesophagus series, there was ulceration in the gastric part (Barrett's ulcer) in about half.
(2) There was primary adenocarcinoma of the gastric part (Fig. 10) Smithers (1950) has recently published a detailed analysis of 31 cases of adenocarcinoma of the oesophagus. The condition has also been discussed by Barrett (1957) . (3 Barrett, 1957) , or alternatively both. There would seem, however, no fundamental objection to the old-established term "congenital short oesophagus," especially if qualified by the word " squamous."
The evidence, such as it is, suggests that the essential abnormality is a relative failure of differentiation of the oesophageal part of the primitive entodermal foregut; the squamous anlage appears to be inadequate, and this, associated with insufficient " caudal migration " in the early embryo, is eventually revealed as shortness of the proper epithelium in the final organ. This view corresponds in some degree with the conception of a graded failure of normal transformation or maturation of the embryonic oesophageal epithelium advanced by Smithers (1956) and Barrett (1957) .
SUMMARY
The congenital malformations directly related to digestion oesophagitis are: (a) Congenital shortness of the squamous oesophagus with or without a large hiatus; (b) enlargement of the hiatus alone.
The incidence, morbid anatomy, pathological diagnosis, and pathogenesis of these two conditions are discussed on the basis of 25 cases.
